The effect of a toxin extract of Helminthosporium maydis, race T on K + (86Rb) uptake by excised root segments of normal (N) and Texas cytoplasmic male-sterile (T) versions of corn inbred W64A was investigated. The uptake of K+ was inhibited in both N and T roots by the toxin. This was true for both basal (freshly excised) and augmented (pretreated with aeration) K+ uptake. Augmented uptake was more toxin-sensitive than basal uptake (irrespective of cytoplasm type), and the augmented uptake in T roots was seven to eight times more toxin-sensitive than in N roots.
may therefore be the result of differences between membrane systems. We have focussed attention on the effect of a toxin extract of H. mavdis, race T on K+ uptake in excised roots of N and T cytoplasmic versions of the maize inbred W64A.
MATERIALS AND METHODS Kernels of maize (Zea mays L.) inbreds W64A, B37, and WF9, having either N or T cytoplasm, were surface-sterilized and germinated on stainless steel mesh above aerated I mm CaSO4 ( 1) . Excised roots of 6-to 7-day seedlings were cut into 1-cm segments, excluding the terminal 5 mm. In the following experiments, either randomized segments of the apical 6 cm, specific root zones (ordered segments) of the apical 10 cm, or cm-segments 2 + 3 + 4 (midzone) were used. Root segments were vigorously aerated for 15 min (absorption was linear over this period) at room temperature in 5-mI, volumes of "Rb solution containing 2 mm KCI and I mm CaSO4. For the experiments shown in Table I and Figure 1 , the absorption period was 60 min during which time some augmentation occurred. The segments were exposed to label and toxin simultaneously. Labeled segments were washed for 20 min in 40 ml of cold I mM CaSO4, weighed, and assayed for " Rb content by liquid scintillation spectrometry. Transfer of segments between solutions was by filtration on a Buchner funnel. Influx of K+ and 86Rb were taken to be equivalent using tissue grown in the absence of exogenous K+ (17) .
Basal rates of K+ uptake were measured in freshly cut root segments, whereas augmented rates were measured after aeration of segments in distilled H20. This augmented uptake potential has been referred to as in "induced" ion uptake (19) , or as "aging" (1, 16) and may be an important feature of the transport process.
Helminthosporium maydis Nisikado and Miyake, race T, was grown for 8 to 10 days in shake culture (100 rpm, 24 C) on Fries medium (26) , without micronutrients. The culture fluid was filtered through cheesecloth, concentrated to one-tenth volume by flash evaporation at 45 C, and precipitated (12 hr, 4 C) with two volumes of cold methyl alcohol. The precipitate was removed by centrifugation and the methyl alcohol was removed from the aqueous-methyl alcohol phase by flash evaporation. The remaining aqueous extract was partitioned with four successive extractions using equal volumes of water-saturated 1-butanol. The butanol was removed by flash evaporation, and the remaining aqueous extract was subjected to four sequential partial evaporations with 100-mI aliquots of H20 yielding a concentrated stock solution of the toxin complex of H. maydis, race T. In this paper two toxin preparations (A and B) were used. The preparations varied in their potency; preparation B was about 10 times as effective as preparation A in inhibiting the basal K+ uptake rate in roots. A 1:100 dilution of the toxin stock preparation (called 1% toxin) contained less than 0.3 pmole K+/ml as determined by flame photometry. 
RESULTS
The influence of toxin on K+ uptake was first studied using random I-cm segments of the apical 6 cm of roots of inbred W64A. The uptake by both N and T root segments was toxinsensitive. Fifty per cent inhibition of basal K+ uptake occurred in N and T root segments at 3.6 and 1% toxin concentrations, respectively (Fig. Ia) .
Pretreatment of intact or excised roots by aeration in H2O increased (augmented) the subsequent uptake of K+ as compared to the basal uptake of K+ (Table I ). CaSO4 was not essential for this effect, nor did wounding (excision) contribute to augmentation. Augmented K+ uptake of W64A, N and T, was more toxin-sensitive than basal K+ uptake (Fig. lb) . A 50% reduction in augmented K+ uptake was obtained in N segments with about 2.2% toxin, and in T segments with 0.3% toxin. Augmented K+ uptake by both N and T root segments was more toxin-sensitive than the basal K uptake, and augmented K+ uptake by T segments was seven to eight times as toxin-sensitive as augmented K+ uptake by N root segments.
Experiments with specific root zones (ordered segments) rather than random segments demonstrated that K+ uptake rates, augmentation potential, and toxin sensitivity depended upon root maturity (Table II) . Various aspects of these data are presented in Figures 2 to 5.
The topography of basal and augmented K+ uptake is shown in Figure 2 . In both N and T roots uptake rates were maximal in cm-segments 5 + 6. These rates varied as much as 80% between apex and cm-segments 5 + 6. The observed difference in basal absorption rates by N and T roots is probably not physiologi- ' One per cent toxin (preparation A).
2 Ninety min aeration in H20.
cally meaningful since these rates varied from expenrment to experiment. The toxin sensitivity of basal K+ uptake rates varied along the root (Fig. 3a) . N roots were least sensitive to toxin at the root tip, whereas T roots were most sensitive at the tip. As the roots elongated, N became more sensitive and T less sensitive.
K+ UPTAKE AND H. MAYDIS TOXIN
The only zone where N and T roots could be distinguished with respect to the toxin sensitivity of basal K+ uptake was at the apex. Figure 3b plots the basal K+ uptake rate for each region against the inhibition by toxin, and shows that as basal K+ uptake increased with root maturation in N, and possibly in T roots, the toxin sensitivity also increased.
The capacity of different regions of the root to augment is shown in Figure 4a . The data are presented as a percentage of the basal K+ uptake rate. The augmentation of a given root region was different between N and T roots. N roots exhibited greatest augmentation near the tip, whereas T roots exhibited greatest augmentation in the 5 + 6 cm region. Figure 4b shows the percentage inhibition by toxin of the augmented K+ uptake increment in N and T roots. The toxin sensitivity of the augmented K+ uptake increment was calculated by assuming that the toxin-sensitive fraction of basal K+ uptake was present after augmentation and represented a background within the augmented K4 uptake potential. The toxin sensitivity of the augmented K+ uptake increment (Fig. 4b) the changes in augmentation potential of both N and T roots (Fig. 4a) , with T roots being much more toxin-sensitive in the mature regions of the root. This is in contrast to the inability of toxin to distinguish between N and T roots in the mature regions with respect to the basal K+ uptake (Fig. 3a) . Figure 5 is a plot of the augmented K4 uptake increment against toxin sensitivity.
The per cent inhibition increased in both N and T roots as the augmented increment increased, as was clearly the case for basal K+ uptake in N roots (Fig. 3b) .
Since toxin sensitivity correlated with the magnitude of the augmented increment during root development (Fig. 4b) , it was of interest to determine whether toxin sensitivity of the augmented increment also increased during short term augmentation development. Figure 6 shows the timer course of augmentation development in cm-segments 2 + 3 + 4 (midzone regions) and its toxin sensitivity. The increase in K+ uptake during aeration in H20 commenced without a lag period, was nearly linear for 30 min, and was complete after 60 to 90 min (Fig. 6) . After vafious intervals of aeration, the toxin sensitivity of the augmented K+ uptake rate was assayed by labeling the segments in the presence of 0. 1% toxin (preparation B). The toxin sensitivity of the augmented increment differed between N and T midzone root segments (Fig. 7) , as it had in the case of ordered segments (Fig. 4b) . The toxin sensitivity of this augmented increment did not change during the development of the augmented K+ uptake potential. Throughout augmentation development, 10 to 25% of the augmented K+ uptake potential was sensitive in N roots (with the exception of the 15-min pretreatment which showed about 50% inhibition), and between 70 and 80% was sensitive in T roots.
DISCUSSION
The uptake of K+ in both N and T roots of maize inbred W64A was sensitive to a partially purified toxin complex from H. mavdis. race T. Although it was possible to distinguish N and T roots of W64A with respect to K+ uptake sensitivity ( Fig.   1 ), we believe it is important that both cytoplasmic versions were inhibited by the toxin. Furthermore, the toxin sensitivity of both N and T roots was correlated with K+ uptake rates (Figs. 3b and 5) . These results are consistent with the observations that N versions of maize are partially toxin-sensitive in the root elongation bioassay (7, 20) , as well as in other physiological phenomena (4, 8, 9, 22 Root elongation, and thus the physiological age of cells, was found to be an important factor in demonstrating the sensitivity of maize roots to the toxin complex. This was found for both the basal (Fig. 3a) and augmented (Fig. 4b) KI uptake rates. N and T could be distinguished only in the young region of the root + 2 cm from the root tip) when the basal K' uptake rates were measured. N and T could be distinguished in the more mature regions of the root when augmented KI uptake rates were measured. Thus the toxin sensitivity of basal and augmented uptake changes during root development, even though the mechanism of KT uptake is presumably the same.
Because K+ uptake in both N and T roots was inhibited by the toxin complex, and since a correlation exists between toxin sensitivity and K+ uptake rates, it is clear that some component of the K+ transport process in both cytoplasms is sensitive to the toxin. It is also likely that the mechanism of K+ transport into cells is similar in N and T roots. The several differences in toxin sensitivity between N and T roots suggest the presence of an adjunct system that confers a differential protection of the K+ transport process. We postulate that a protection mechanism of the transport system exists in both N and T roots, but its' effectiveness (either in amount, rate of formation, or placement) is restricted in T roots.
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